Hormonal contraceptive use diminishes salivary cortisol response to psychosocial stress and naltrexone in healthy women. The use of hormonal contraception (HC) may affect salivary cortisol levels at rest and in response to a pharmacological or stress challenge. Therefore, the current study used a secondary data analysis to investigate the effect of HC on salivary cortisol levels in response to the mu-opioid receptor antagonist naltrexone and a psychosocial stressor, and also across the diurnal curve. Two hundred and nine women (n = 72 using hormonal contraception; HC +) completed a two-session stress response study that consisted of a stress day, in which they were exposed to public speaking and mental arithmetic, and a rest day, in which unstimulated cortisol levels were measured to assess the diurnal rhythm. A subset of seventy women (n = 24 HC +) also completed a second study in which they were administered oral naltrexone (50 mg) or placebo in a randomized, placebo-controlled, double blind fashion. Women who were HC + had a significantly reduced salivary cortisol response to both the psychosocial stressor (p b 0.001) and naltrexone (p b 0.05) compared to HC − women. Additionally, HC + women had a significantly altered morning diurnal cortisol rhythm (p b 0.01), with a delayed peak and higher overall levels. The results of the current study confirm that HC attenuates salivary cortisol response to a psychosocial stressor and mu-opioid receptor antagonism, and also alters the morning diurnal cortisol curve.
Introduction
The present study examined the effect of hormonal contraception (HC) on diurnal salivary cortisol secretion and acute cortisol responses to the mu-opioid receptor antagonist naltrexone and a psychosocial stressor. Psychosocial stressors and mu-opioid receptor antagonists reliability activate the hypothalamic-pituitary-adrenal axis (HPA) and increase circulating cortisol levels, but do so through separate mechanisms. For example, mu-opioid receptor antagonists, such as naltrexone and naloxone, are thought to disinhibit tonic endogenous opioidmediated suppression of CRF neurons of the paraventricular nucleus of the hypothalamus (Baker and Herkenham, 1995; Mendelson and Mello, 2009 ). In contrast, psychosocial stressors, such as public speaking and mental arithmetic, activate diffuse corticolimbic circuitry that can relieve GABAergic inhibition or provide catecholaminergic stimulation of paraventricular CRF neurons (Herman and Cullinan, 1997; Radley and Sawchenko, 2011; Radley, 2012) . Paraventricular CRF neurons also receive excitatory and inhibitory signals from the suprachiasmatic nucleus in order to regulate diurnal cortisol secretion (Kalsbeek and Buijs, 2002; Buijs et al., 2003; Dickmeis, 2009) .
Mu-opioid receptor antagonism, psychosocial stressors, and measurement of diurnal cortisol levels are commonly used as probes of HPA axis function in laboratory paradigms and each has unique clinical implications in the identification and treatment of disease (al 'Absi, 2006; Kiefer et al., 2006; Heim et al., 2008; Thomson and Craighead, 2008) . For example, blunted cortisol response to a psychosocial stressor and attenuated diurnal levels during early abstinence are predictive of relapse in smokers (al'Absi et al., 2005; al'Absi, 2006) , while naltrexone's ability to increase basal cortisol levels during treatment is associated with a reduced risk of relapse in an alcohol dependent population (Kiefer et al., 2006) . Furthermore, an attenuated cortisol response to a stressor may be associated with autoimmune and inflammatory diseases (Chikanza et al., 1992; Rupprecht et al., 1995 Rupprecht et al., , 1997 Buske-Kirschbaum et al., 1997 Lahita, 1999) . Thus, for both methodological and clinical reasons, it is important to characterize intrinsic and extrinsic factors that may impact salivary cortisol response to psychosocial stress and mu-opioid receptor antagonism.
Among women, one factor that may impact salivary cortisol levels is the use of HC. Women using HC have consistently demonstrated blunted salivary or free cortisol response to a psychosocial stressor Pharmacology, Biochemistry and Behavior 109 (2013) Contents lists available at SciVerse ScienceDirect Pharmacology, Biochemistry and Behavior j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / p h a r m b i o c h e m b e h Rohleder et al., 2003; Bouma et al., 2009 ), but shown heightened serum total cortisol levels both diurnally and in response to a psychosocial stressor or ACTH administration (Meulenberg et al., 1987; Meulenberg and Hofman, 1990; Kuhl et al., 1993; Aden et al., 1998; Klose et al., 2007; Kumsta et al., 2007; Simunkova et al., 2008; Winkler and Sudik, 2009) . However, HC's effect on diurnal salivary cortisol levels is less clear. Studies have reported HC dampening (Pruessner et al., 1997 (Pruessner et al., , 1999 Bouma et al., 2009) , delaying and increasing (Meulenberg and Hofman, 1990) , or having no effect (Wust et al., 2000) on the cortisol awakening response, as well as increasing (Meulenberg et al., 1987; Meulenberg and Hofman, 1990) or decreasing (Reinberg et al., 1996) diurnal salivary cortisol levels. It has been speculated that the primary factor underlying HCmediated changes in cortisol levels is increases in circulating corticosteroid-binding globulin (CBG; Kirschbaum et al., 1999; Kumsta et al., 2007; Hellhammer et al., 2009; Kudielka et al., 2009) . CBG is a glycoprotein that transports cortisol to target tissues and regulates its clearance rates, with~95% of circulating cortisol being bound to CBG or serum albumin under normal conditions (Lewis et al., 2005) . Hormonal contraception that contains either an estrogen or progesterone increases circulating CBG levels (Durber et al., 1976; Wiegratz et al., 2003) , which subsequently increases the ratio of total to free cortisol by both increasing CBG-bound cortisol and decreasing free cortisol levels (Meulenberg et al., 1987; Meulenberg and Hofman, 1990; Wiegratz et al., 1995 Wiegratz et al., , 2003 Klose et al., 2007) . However, estradiol and progesterone have been shown to directly alter endogenous opioid (Foradori et al., 2002 (Foradori et al., , 2005 Smith et al., 2006) , CRF neuron (Chen et al., 2008; Lalmansingh and Uht, 2008; Zhu and Zhou, 2008) and HPA axis activity (Kirschbaum et al., 1996; Kudielka et al., 1998; Thammacharoen et al., 2009 ), all of which could feasibly contribute to differences in diurnal cortisol secretion and stress-induced salivary cortisol response.
To date, no studies have examined the effects of HC on salivary cortisol response to mu-opioid receptor antagonism. Therefore, the primary goal of the current study, which was a secondary data analysis, was to replicate prior findings that HC use impacts salivary cortisol response to a psychosocial stressor and to extend these findings by examining naltrexone responsivity. Based on the results of previous stressor studies, we hypothesized that women using HC (HC+) would demonstrate a blunted salivary cortisol response to both a psychosocial stressor and naltrexone in comparison to women not using HC (HC −). Since blood sampling was not included in the original study design, CBG levels could not be ascertained. Instead, subjective response to both stimuli and heart rate response to the stressor were examined as secondary measures to help elucidate whether HC is exerting its effects through peripheral or central mechanisms. For example, heart rate is under the control of the autonomic nervous system, which, like the HPA axis, is regulated by the hypothalamus (Gunnar and Quevedo, 2007) . Therefore, if HC was directly affecting hypothalamic reactivity we would expect both cortisol and heart rate response to a stressor to be altered. However, we expected that a blunted cortisol response to a stressor or naltrexone would be primarily due to HC's effects on peripherally circulating CBG levels rather than changes in HPA axis or central opioidergic function. Thus, we hypothesized that subjective and heart rate response to the stimuli would not differ between HC+ and HC− women. Finally, given the inconsistent results of previous studies examining unstimulated, basal cortisol levels, we explored whether HC affects the diurnal cortisol rhythm.
Methods

Participants
Participants were women who were taking part in the Oklahoma Family Health Patterns Project (OFHP), previously described elsewhere (Lovallo et al., 2010 (Lovallo et al., , 2012a (Lovallo et al., , 2012b . Subjects signed a consent form approved by the Institutional Review Board of the University of Oklahoma Health Sciences Center and the Veterans Affairs Medical Center, Oklahoma City, OK, USA, and received financial compensation for participating.
Two hundred and nine women (n = 72 using hormonal contraception; HC+) participated in the stressor study and seventy of those women (n = 24 HC+) also completed the naltrexone study (Table 1 ). Inclusion and exclusion criteria for both studies were previously described in detail (Lovallo et al., 2012a (Lovallo et al., , 2012b . In brief, all participants were in good physical health, between the ages of 18 and 30 years, had BMI between 18.5 and 29 kg/m 2 , were not using prescription medications other than hormonal contraceptives, had daytime job or school schedules with a normal nighttime sleep pattern, and had no reported history of serious medical or psychiatric disorder. Exclusion criteria were: diagnosis of a current or past Axis I disorder [other than past depression (>60 days prior)], history of alcohol or drug dependence, met any criteria for substance abuse within the previous 2 months, or a positive urine drug screen, pregnancy test, or breathalcohol test on days of testing. Smoking and smokeless tobacco use were not exclusionary. Thirty subjects (14%) reported using tobacco (Table 1) . Smokers were allowed a cigarette immediately prior to the start of the protocol to reduce confounds of tobacco withdrawal symptoms on study assessments; no smoking was allowed during the sessions.
Hormonal contraceptive use was determined based on a health history and current medications questionnaire taken during screening and reconfirmed on days of testing. Based on this self-report, women were divided into 2 groups, those who reported current use of HC (HC+, including birth control pills, patch, hormonal IUD, or ring) and those who reported no current use (HC−).
Study design and procedure
Stressor study
The procedure for the stressor study was previously described in detail (Lovallo et al., 2012a) . Subjects participated in two sessions that consisted of either stress or rest protocols, in a fixed order. To maximize stress response, the first session always consisted of the stress protocol and the rest day was the second session. Prior to the start of the stress session, subjects self-reported the start date of their most recent menstrual cycle. The sessions began at either 0900 h (n = 99) or 1300 h (n = 110), and subjects were tested at the same time for both sessions. These scheduling block options were offered to facilitate enrollment and was chosen because they would not confound within-subject difference score analyses of cortisol response. Subjects received a standardized snack upon arrival at the laboratory account for the effects of blood glucose levels on cortisol secretion (Dallman, 2003) .
The stress protocol was 105 min in total, and consisted of a 30 min baseline period, a 45 min stress test, and a 30 min recovery period. During the baseline period, the subject relaxed and read magazines. The stress test included public speaking (30 min) followed by a mental arithmetic (15 min) task. The speech task consisted of three prepared speeches on randomly generated topics, given consecutively in front of a video camera and a white-coated experimenter holding a clipboard. The mental arithmetic task consisted of three consecutive 5 min periods, in each of which the subject was given a three-digit number (e.g., 137), told to sum the three digits (11), then add aloud that total to the original number (148), and to proceed in that fashion until told to stop.
The subject provided five saliva samples during the stress protocol: at 10 and 20 min of the baseline period (Baseline 1 and Baseline 2), at 15 and 30 min of the stress test (Stress 1 and Stress 2), and at the end of the 30 min recovery period (Recovery). To assess subjective response to the stress protocol, subjects rated their moods at each saliva sample using ten-point visual-analog scales ranging from "Least ever felt" to "Most ever felt" (Lundberg, 1980) , which contained Distress (sum of scores for impatience, irritability, distress, pleasantness, and control) and Activation (sum of scores for effort, tension, concentration, interest, and stimulation) subscales. Heart rate was continuously measured with an oscillometric monitor (Dinamap, V100, General Electric, Waukesha, Wisconsin) during the entire period of the protocol. The mean heart rate during the baseline period, the stress test, and the recovery period were each examined as dependent variables in analyses of stressresponsivity.
In order to allow comparisons between sessions, the rest day was identical to the stress testing day in terms of time of day (morning or afternoon), duration (105 min), and measures (saliva samples, subjective scales, and heart rate recordings) but differed in that the subject relaxed and read general interest magazines or watched nature programs on television throughout the session with no task to complete. In order to study diurnal variation in cortisol levels, four additional saliva samples were collected on the rest day (i.e., nine total samples): by the subject upon awakening at home (Wake), immediately at arrival to the lab (Pre-Baseline), minute 45 corresponding to the stress protocol (Stress 3), and by the subject at home before bedtime (Bed).
Naltrexone study
The procedure for the naltrexone study was previously described in Lovallo et al. (2012b) . Subjects participated in a randomized, placebo-controlled, double-blind study that consisted of 2 counterbalanced sessions separated by at least 72 h, in which they received placebo or naltrexone (50 mg, Malinkrodt, St. Louis, MO, USA). The naltrexone study was always performed after completion of the stress study. Subjects arrived at the General Clinical Research Center at the University of Oklahoma Health Sciences Center at 0800 h, provided a urine sample to check for the presence of pregnancy and drugs, and were served a light breakfast. At 0900 h subjects provided a baseline saliva sample and immediately consumed the naltrexone or placebo capsule. Saliva was then collected every 30 min for the next 180 min. Additionally, every 60 min, the subject rated their moods using the same visual-analog scales as described in the stressor study and also completed a naltrexone-specific adverse effects questionnaire (King et al., 2002) assessing nausea, vomiting, headache, distress, warm or flushed feelings, anxiety, libido, hives or rash, insomnia, diarrhea, pain, sleepiness and agitation on a 3-point scale (scored from 0 to 2), "none (0)," "mild (1)," or "severe (2)." At each timepoint, the scores for the 13 variables were summed to create one adverse side effect composite score. The subject remained seated in a recliner chair through the entire protocol and read general interest magazines or watched videos of nature or history programs.
Salivary cortisol assay
Saliva samples were collected using the Salivette device (Sarstedt, Newton, NC, USA). Salivettes were centrifuged at 4200 RPM for 20 min. The saliva was transferred to cryogenic storage tubes and placed into a −20°C freezer until shipping. Salivary cortisol assays were conducted by Salimetrics (State College, PA, USA) using a competitive enzymatic immunoassay (Salimetrics, 2011 ) with a sensitivity of b.003 μg/dL, an intra-assay coefficient of variation of b3.6%, and an interassay coefficient of variation of b4.0%.
Statistical analysis
Demographic data were compared between HC groups by t-tests and chi-squares, where appropriate. Variables that significantly differed between groups were examined as covariates in the main analyses. Since prior evidence suggests smoking may impact salivary cortisol response (al'Absi et al., 2003; al'Absi et al., 2008) , smoking status was also examined as a covariate in all analyses. As previously described, the stress study sessions were conducted during either morning or afternoon blocks and, therefore, time of day (morning or afternoon) was examined as a covariate to account for potential diurnal effects on the HPA axis.
Salivary cortisol and heart rate response were analyzed as a difference score, calculated as the value obtained during the stress or naltrexone sessions minus the comparable timepoint from the rest or placebo day, respectively. As we have previously shown, difference scores detect stress-induced changes in salivary cortisol levels independent of diurnal effects on stress responsivity (Lovallo et al., 2010) . Both variables were analyzed using repeated measures ANOVAs with time as a within subject factor and HC group as a between subject factor. In contrast, raw data was used for the analysis of diurnal cortisol levels over the rest day and sum scores were used for the analysis of subjective response (visual analog and adverse effect scales) in both the naltrexone and stressor studies. Diurnal data was analyzed using a repeated measures ANOVA with time as a within subject factor and HC group and time of day of the session as between subject factors. Subjective data analyses included time and session/medication (rest or stress/naltrexone or placebo, depending on whether the stress or naltrexone study) as within subject factors and HC group as a between subjects factor. Significant interactions involving cortisol response were explored with planned comparison post hoc testing at the 90, 120, and 150 min timepoints in the naltrexone study and at the Stress 1, Stress 2, and Recovery timepoints in the stressor study. These particular timepoints were chosen as they were previously shown to be the peak times of salivary cortisol response (Lovallo et al., 2012a (Lovallo et al., , 2012b . 
Results
Stressor study
The HC− and HC+ groups were similar on all demographic measures, with the exception that HC+ women had significantly more years of education (p b 0.05; Table 1 , but none of the three variables differed between HC groups (p's > 0.62). All significant interactions remained after controlling for menstrual cycle, smoking status, and years of education and none of these variables were significantly related to salivary cortisol response to the stressor (p > 0.30). Fig. 2 demonstrates diurnal cortisol levels over the course of the rest day in HC− and HC+ women based upon the time of day the session was commenced (Morning: 9 AM or Afternoon: 1 PM). Among morning session participants, HC + women had significantly reduced salivary cortisol levels upon awakening, but greater concentrations across the remainder of the rest day session compared to HC − women (Group × AM/PM × Time, F(8, 1176) = 2.73, p b 0.01, Cohen's f = 0.14; Post Hoc: Morning, HC + b HC − at Wake, p b 0.05; HC + > HC − at Baseline 1 through Recovery, p b 0.001). However, in subjects who participated in afternoon sessions, there were no differences between HC + and HC − women on salivary cortisol levels at any timepoint (p's > 0.17). As expected, there were also differences in salivary cortisol level within each HC group based on the time of day the session was completed. In HC + women, cortisol levels in the morning session were significantly greater than those in the afternoon session from Pre-Baseline through Recovery (Post Hoc: Morning > Afternoon, p b 0.001). In HC − women, cortisol levels in the morning session significantly differed at Pre-Baseline, Baseline 1, and Stress 1 from those in the afternoon session (Post Hoc: Morning > Afternoon, p b 0.05). There were no within group differences based on time of session for Wake and Bed saliva samples (Morning = Afternoon, p's > 0.17). Despite the differences in basal cortisol levels between HC+ women in the morning and afternoon sessions, salivary cortisol response to stress remained significantly blunted at both times of day.
Naltrexone study
Demographic comparisons in the naltrexone subsample are presented in Table 1 . The data showed that HC+ women were slightly older and had more years of education than HC− women (p's b 0.05), but the groups were otherwise similar on background characteristics. of these three covariates were significantly related to cortisol response to naltrexone (p's > 0.21).
Discussion
The current study demonstrates that HC+ women have a significantly blunted salivary cortisol response to both a psychosocial stressor and 50 mg oral naltrexone compared to HC− women. In response to the psychosocial stressor, HC+ women did not display a change in salivary cortisol secretion from baseline or when compared to the rest session, while HC− women demonstrated a significant and sustained increase. HC+ women did have an increase in salivary cortisol in response to naltrexone, but their peak levels remained significantly lower and occurred later in the session than in HC− women. Additionally, in subjects who completed the morning session, HC+ women exhibited significantly reduced cortisol levels upon awakening, but greater basal cortisol levels during the rest day than HC− women. As there was no difference in cortisol secretion between HC groups in the afternoon rest session, this effect may be due to a delayed and increased morning cortisol rhythm. The results indicate that HC significantly alters salivary cortisol response to a stressor and mu-opioid receptor antagonism, as well as the morning diurnal cortisol rhythm.
Naltrexone and stress activate the HPA axis through different mechanisms, yet HC affected salivary cortisol response to both challenges. In contrast, naltrexone significantly increased opioid-specific adverse effects to a similar degree in HC − and HC+ women. This may indicate that HC is not substantially affecting central endogenous opioid activity, though it should be noted that some effects, such as nausea, may be related to opioid activity in the gastrointestinal tract. Furthermore, while the stressor significantly increased heart rate, HC− and HC + women did not differ in this response, which may indicate that HC is not affecting hypothalamic control of the autonomic nervous system. In combination, these results suggest that HC is exerting influence on free cortisol concentrations through a peripheral mechanism rather than hypothalamic reactivity or central opioid function. It has been consistently shown that a major factor underlying HC-mediated changes in free and total cortisol levels is increases in circulating CBG Kumsta et al., 2007; Hellhammer et al., 2009; Kudielka et al., 2009) . Hormonal contraception-induced augmentations in CBG levels are associated with an increase in basal and stress-induced total cortisol secretion (Wiegratz et al., 1995; Dhillo et al., 2002; Klose et al., 2007) , as well as a reduction in salivary cortisol in response to a stressor Kumsta et al., 2007) . Thus, these prior findings suggest that HC increases total cortisol secretion basally and during stress by enhancing levels of peripherally circulating CBG, which decreases the amount of available free cortisol, by proxy. This effect could explain the reduction in salivary cortisol response observed in each of the current stressor and naltrexone studies.
For example, whereas salivary cortisol response to the psychosocial stressor was completely blunted in HC+, naltrexone administration significantly increased cortisol levels. This finding may be related to naltrexone being a more potent disinhibitor of the HPA axis compared to a psychosocial stressor. In HC− women, the peak stressor-induced change from rest averaged 0.05 μg/dL, while naltrexone induced an average peak increase of 0.23 μg/dL from placebo levels. This difference in net response between the two methods is consistent with the hypothesis that elevated CBG levels in HC+ women can fully saturate low levels of free cortisol released over a short period of time (~1 h), as observed in the stressor study. Yet, in response to the substantially larger increases in free cortisol levels observed over a relatively prolonged period of time (> 3 h) in the naltrexone study, available CBG may eventually become fully saturated, subsequently allowing free cortisol levels to rise in a manner observed under normal conditions. Our naltrexone study results appear to support this possibility, with HC+ showing a longer latency to exhibit measureable increases in free cortisol levels compared to HC− women (120 min in HC+ vs. 90 min in HC−), potentially due to the HC+ having to overcome increased CBG levels. However, in order to know whether CBG saturation was reached, serum CBG and total cortisol levels would need to have been measured . We note that the foregoing argument about the role of CBG is an extrapolation from existing data. However, this set of considerations suggests the potential importance of examining CBG along with total and free cortisol in relation to HC use in future work.
While it is likely that the findings of the present study are due to HC affecting CBG levels, it is also possible that HC may also be directly and indirectly affecting the responsivity of the HPA axis itself. It has been theorized that the initial increase in CBG after HC use results in decreased fraction of unbound, free cortisol, which subsequently decreases negative feedback to hypothalamic glucocorticoid receptors, thereby increasing tonic CRF neuron activity in order to reestablish "normal" free cortisol levels ). This initial increase in CRF activity would eventually result in numerous downstream adaptations to CRF, ACTH, and glucocorticoid receptor number and sensitivity. In support of this notion, HC users have demonstrated decreased ACTH release in response to CRF administration and a stressor (Jacobs et al., 1989; Kumsta et al., 2007) , increased total cortisol release in response to ACTH administration and a stressor (Henderson and Shively, 2004; Klose et al., 2007; Kumsta et al., 2007; Simunkova et al., 2008; Winkler and Sudik, 2009) , and altered glucocorticoid sensitivity (Rohleder et al., 2003; Kuhlmann and Wolf, 2005) . The altered function of the HPA axis, particularly an increase in ACTH receptor sensitivity coupled with a desensitization of central glucocorticoid receptors, may be related to the delayed and heightened morning diurnal cortisol rhythm observed in HC users both in the current study and by others (Meulenberg et al., 1987; Meulenberg and Hofman, 1990 ).
An additional possibility is that chronic changes in estrogen or progesterone levels due to HC use may have directly altered the endogenous opioid system (Foradori et al., 2002 (Foradori et al., , 2005 Smith et al., 2006) , CRF neuron reactivity (Kirschbaum et al., 1996; Kudielka et al., 1998; Thammacharoen et al., 2009) , and luteinizing hormone pulsatility (Elstein et al., 1974; Brenner et al., 1977; Mishell et al., 1977; Snowden et al., 1986) , each of which are involved in the regulation of the HPA axis and stress response at the level of the hypothalamus, pituitary, and amygdala (Smith et al., 1998; Drolet et al., 2001; Bilkei-Gorzo et al., 2008) . Furthermore, there is evidence that estrogens mediate the diurnal rhythm of the HPA axis (Morin et al., 1977; Burgess and Handa, 1992; Norman et al., 1992) , which may be due to estradiol's regulation of CRF gene expression (Vamvakopoulos and Chrousos, 1993; Roy et al., 1999; Chen et al., 2008; Lalmansingh and Uht, 2008; Zhu and Zhou, 2008) . Therefore, HC could directly alter the dynamics and responsivity of the HPA axis at the level of the hypothalamus, which could underlie the observed changes in salivary cortisol levels at rest and in response to naltrexone and a stressor. The present study has several limitations. Because this is a secondary data analysis, examining the impact of HC on salivary cortisol response was not the primary goal when designing the original study. Therefore, specific information regarding the type of HC being used, which could range from IUD to oral pill, was not obtained. Collecting this information might have allowed analyses of whether distinct types of HC differentially affect HPA axis responsivity. However, HC containing estrogen or progesterone both appear to significantly increase CBG levels, so the main analyses and data interpretations may not have been affected by the type of HC (Durber et al., 1976; Wiegratz et al., 2003) . Additionally, as previously noted, serum total cortisol and CBG levels were not measured in this study. Future studies employing these measures will help discern the causal effect of HC on free cortisol levels and overall CBG/cortisol saturation rates. Finally, as noted by others, caution must be used when interpreting self-collected salivary samples due to the possibility of poor time-related compliance . With regard to the samples that were instructed to be collected upon awakening, differences between HC groups were observed only in those participating in the early morning session. It is plausible that this result could have been due of poorer compliance with those subjects who did not have to start their session until later in the day and, therefore, may have been less motivated to immediately collect a saliva sample upon awakening.
The main strength of the study is the large sample size, which increases our confidence to conclude that HC significantly blunts salivary cortisol response to a psychosocial stressor and naltrexone while increasing morning secretion during rest. These findings confirm that contraceptive use should be routinely used as exclusionary criteria in human studies of HPA axis responsivity to stress and opioid receptor antagonism, and should be either excluded or minimally accounted for in studies assessing the diurnal cortisol rhythm. While it is becoming more common for studies of HPA axis function to include only non-HC using women, several recent studies have included both HC+ and HC− women without including contraceptive use as a variable in their analysis. Future research is warranted to elucidate the mechanisms underlying the effect of HC on salivary cortisol levels and to determine whether different types of HC have varying effects on the HPA axis. Finally, a decrease in cortisol response to a stressor has been associated with the presence of autoimmune and inflammatory diseases (Chikanza et al., 1992; Rupprecht et al., 1995 Rupprecht et al., , 1997 Buske-Kirschbaum et al., 1997 Lahita, 1999) . While glucocorticoid receptor sensitivity may increase in HC users to accommodate decreased free cortisol levels (Rohleder et al., 2003) , more research is needed to confirm whether HC use is associated with altered glucocorticoid receptor function and the prevalence of disorders related to attenuated stress responsivity.
Contributors
WRL designed the study and details of the protocol. DJOR analyzed the data. All authors contributed to writing the article and approve of its content.
